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SONNARY 

The conversion of per(poly)fluoroalkyl halides into the cor- 

responding carboxylic acids with a redox system-(NH4)2S208/HC02Na 

is described. This reaction provides a convenient method for the 

synthesis of various per(poly)fluorocarboxylic acids under mild 

conditions. 

Perfluorocarboxylic acids are versatile chemicals. They are 

generally prepared by the electrochemical fluorination of the 

corresponding acyl halides. Treatment of RfX (X=1, Br, CC131 

with chlorosulfonic acid(l) or with oleum using Hq as a cata- 

lyst(2) is the non-electrochemical method widely used. In re- 

cent years alternative methods like treatment of RfI with Roga- 

lite(31, photooxidation of perhalofluorosulfinates(4) or reac- 

tion of perfluoroalkane sulfinates with various single electron 

oxidizing agents have appeared. In this paper, the conversion 

of various per(poly)fluoroalkyl halides into the corresponding 

carboxylic acids with different redox systems is reported. 
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RESULTS AND DISCUSSION 

l,l,l-Trichlorotrifluoroethane (CF3CC13) was taken as a model 

substrate in this study. When this substrate was treated with 

various redox systems, trifluoroacetic acid was formed. The 

results are listed in Table 1. 

TABLE 1 

Conversion of CF3CCl3 into CF3COOH with various redox systemsa 

Entry Oxidizing Reducing Time Temp. Solvent Conver- Yield 

agent agent (h) ("C) sion (%jb (%lb 

1 (NH412S20B HC02Na 10 25 DMF= 100 95d 

2 (NH412S20B oxalate 14 25 DMF 52 100 

3 Hz02 FeS04 0.5 40 DMF+H20e 100 100 

4 (NH4)2S208 Na2S204 5 35 DMF+H20e 100 100 

5 H202 Na2S204 1 40 DMFtH20e 100 100 

6 KBr03 Na2S204 3 45 DMF+H20e 85 100 

7 (PhCO)202 PhNMe2 16 30 DMF 25 100 

a 
CF3CC13 : Oxidizing agent : Reducing agent= l:lrl(molar ratio). 

b 
Unless otherwise noted, all the conversions and the yields 

in this and following tables were determined by "F NMR. 
C 

N,N-dimethylformamide. 
d The by-product was CF3CC12H. 

e 
l:l(volume). 

As shown in Table 1, except for entries 2 and 7, the conversion 

of CF3CC13 into CF3COOH with various redox systems was rather 

effective. 

Solvent played an important role in such conversions. As shown 

in Table 2, of the following four solvents tested, DMF was found 

to be the best. 

The conversions of various per(poly)fluoroalkyl halides into 

the corresponding acids with (NH4)2S20B/HC02Na.2H20 are shown 

in Table 3. 
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TABLE 2 

Effect of solvent on the conversion of CF3CC13 

into CF3COOH with (NH4)2S208/HC02Na.2H20 

Entry Solvent Temperature Time Conversion 

("Cl (h) (%I 

1 DMF 25 10 100 

2 CH3CH20H 25 10 25 

3 CH3CN-H20a 25 15 0 

4 H70b 25 10 0 
a lrl by volume. 
b ghase transfer catalyst C6H5CH2N(n-Bu)3C1 was added. 

TABLE 3 

Conversion of per(poly)fluoroalkyl halides into the 

corresponding acids with (NH4)2S208/HC02Nam2H20 in DMFa 

Entry substrate acid temp. time conver- yield 

("Cl (h) sion(%) (%Jb 

'sF13' C5FllCOOH 55 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

12 

14 

14 

12 

12 

10 

4 

5 

5 

5 

10 

20 

4 

5 

5 

75 

69 

70 

50 

62 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

83.9 

78.7 

81.2 

92.0 

89.0 

72.5 

71.8 

74.6 

69.8 

57.3 

55.6 

63.4 

66.5 

78.6 

64.2 

Cl(CF2)4I C1(CF2)3COOH 50 

C1(CF2)61 C1(CF2)5COOH 50 

I(CF2)6I (CF2)4(COOH)2 50 

I(CF2)81 (CF2)6(COOH)2 50 

CF3CC13 CF3COOH 25 

CF3CBr2C1 CF3COOH 50 

CC13CF2CFC1Br CF2(COOH)2 30 

CF2(CCl3)2 CF2(COOH)2 30 

CF2(CFC12)2 CF2(COOH)2 50 

CF2ClCFC12 C1CF2COOH 20 

CF2BrCFC1Br BrCF2COOH 15 

CF2C1CC13 C1CF2COOH 30 

CF2ClCFClCF2CFC12 CF2C1CFC1CF2COOH 30 

CF2-CFCF2CFC12 

'0' 

CFC12CF2COOH 40 

a 
In entries 1,2,3,6,7,11,12,13,14,15, substrate: (NH4)2S2O8: 

HC02Na.2H20=l:l:1 (molar ratio); In entries 4,5,8,9,10, 

b 
substrate: (NH4)2S208: HC02Na.2H20=1:2:2(molar ratio). 

Isolated yield. 
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As shown in Table 3, (NW,),S2O,/HCO,Na.2H20 could hydrolyze 

not only KfI, RfCC13, KfCFBrCl, and RfCBr2C1 into HfCOOH, but 

also RfCFC12 into RfCOOB under mild conditions. Such a redox 

system also showed a rather good selectivity. For example, the 

hydrolysis Of BrCF2CFC1Br or CF2C1CFC12 could be controlled, and 

only BrCF2COOB or CiCF2COOH was respectively obtained. However, 

epoxide or double bond was totally destroyed under such conditions. 

System like (NH4)2S208/Na2S204 was effective for the conversion 

of CF3CC13 into CF3COOH ( entry 4 in Table l), but RfCF21 was 

deiooo-sulfinated completely in such a redox system. 

Ammonium per-sulfate is an one-electron transfer oxidizing 

agent, which spontaneously produces SOT. By mixing (NH4)2S200 

and HC02Na together, C027is farmed(5). Experiments showeo that 

conversion of polyfluoroalkyl halides into the corresponding 

acids was completed only in the presence of (NH4)2S20t, ana HC02Na. 

This implied that such conversion was initiated by COTother than 

so; In audition, carbon dioxide was detected in the course 

of such reaction. To gather the known facts, a tentative 

mechanism of such reaction was depicted as follows (scheme 1). 

szog - so4y 

so47 + HCO,' _HSO~ +co2? 
_ 

RfCC13 + co;----+RfCCl2* + co2 + Cl 
.- 

U 
H 02 -HOC1 H20 

RfCC12H RfCC1200H ~RfCOCl--_)RfCOOH 

Scheme 1. 

As shown in Table 3, the conversion of RfI was lower than that 

of RfCC13 even at a higher temperature and a longer reaction time. 

Since iodide ion is an one-electron reductant and may exhaust 

some SOZ (Scheme 2). Thus iodide ion formed during the reaction 

might retard the reaction. 

I-+ so;- P + so4= 

2 I* - I2 

Scheme 2. 
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All boiling points, melting points, 'H and lgF NMR spectra 

of the known per(poly)fluorocarboxylic acids obtained are 

described in Table 4. 

TABLE 4 

Boiling points, melting points and 'H and "F NMR spectra of 

per(poly)fluorocarboxylic acid 

Compounds 

Boiling points '9F 1H 

(“C/mmHg) (ppm) (mm) 
Found Reported Ref (in CDC13) (in CDCl,l 

C5FllCOOH 74-76/60 157 6 

Cl(CF2)3COOH 93-95/5 83/3 7 

Cl(CF2)5COOH 107-110/s 79/J 7 

CF3COOH 69-71 72.4 8 

ClCF2COOH 119-120 121.5 9 

BrCF2COOH 73-75/100 145-147 10 

CFC12CF2COOH 68-71/10 83-85/20 11 

CF2ClCFClCF2COOH 78-80/10 98-100/23 11 

5.3(3F) 

43(2F) 

46.5(4F) 

51.5(2F) 

-9.5(2F) 

40.2(2F) 

43.1(2F) 

-9.3(2F) 

40.4(2F) 

43.0(21) 

44.9(2F) 

52.2(2F) 

0 

-11.6 

-14.01 

-3.7(1F) 

36.3(2F) 

-13(2F) 

10.69 

10.96 

11.39 

10.84 

10.28 

10.04 

12\.18 

10.65 

38.1,40.7 

(2F,AB.J=263.2Hz) 

54(1F) 

CF2(COOH)2 115-118a 117-118a 6 44 11.70 

(CF2)4(COOH)2 130-131a 132-134a 6 40.7(4F) 10.4 

46.3(4F) 

(CF2)6(COOH)2 150-152a 154-158a 6 43.5(4F) 11.7 

47.8(883 

a Melting point. 



EXPERIMENTAL 

Boiling points and melting points were uncorrected. 'H NMR(with 

chemical shifts in ppm from external TMS) and "F NMR(with chemi- 

cal shifts in ppm from external TFA and positive for upfield 

shifts) were recorded on a Varian EM-360 spectrometer. (60M2 for 

'H and 56.4Mz for "F). 

All materials were commercial grade and were used without further 

purification. All organofluorine compounds were prepared by known 

methods. The experimental conditions used for these hydrolyses 

are compiled in Table 3. 

Typical procedure: 4g(21.3mmol)CF3CC13, 5g(21.9mmol)(NH4)2S208, 

2.3g(22.lmmol) HC02Na.2H20, and 40ml DMF were stirred at 25'C 

for 10 h with air bubbling. After that the reaction mixture was 

poured into water and the strongly acidic solution was extracted 

with ether. The ether extract was neutralized with aqueous NaHC03. 

The separated water layer was evaporated to dryness. The residue 

was mainly CF3COONa. Distillation of the formed CF3COONa with 5ml 

concentrated sulphuric acid gave 1.89 CF3COOH(72.5% yield). 
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